Introduction
Ovarian cancer is a considerable cause of morbidity and mortality around the world, with approximately 239,000 new cases and 159,000 deaths each year. 1 In recent years a new theory has been put forward where the fallopian tubes play a critical role in the pathogenesis of certain types of ovarian cancer. 2, 3 Retrospective observational register-based studies from Denmark and Sweden have found a decreased incidence of ovarian cancer in women who have had salpingectomy compared with women who have not undergone surgery. 4, 5 These findings have led to an increasing number of opportunistic salpingectomies as a preventive measure for ovarian cancer when performing a hysterectomy for benign reasons.
6e8 Some regions and/or national societies recommend opportunistic salpingectomy to be considered, both in Europe 9 and in North America. 10, 11 This, despite the lack of scientific evidence in regards to the safety of performing opportunistic salpingectomy in addition to hysterectomy. Furthermore, hysterectomy by itself confers a reduced risk of ovarian cancer 12 and an additional risk-reducing effect of salpingectomy is not proven.
In 2017 there were 2 systematic reviews published, 13, 14 identifying 11 studies that compared hysterectomy with hysterectomy and simultaneous bilateral salpingectomy regarding perioperative data, complications, and/or effect on ovarian function. 6,8,15e23 The included studies were either small or had a short follow-up, which applies to the few studies published thereafter as well. 7,24e26 No significant negative effects have been shown from having the salpinx removed at the time of hysterectomy, aside from 2 studies showing 12 and 16 minutes longer duration of surgery, respectively. 6, 7 Studies analyzing the potential effect on ovarian function are small and use surrogate measures such as anti-mülle-rian hormone (AMH), follicle stimulating hormone (FSH), estradiol, and sonographic imaging. 15,20,23e25 To our knowledge, no published study has analyzed subjective symptoms of menopause in the women.
Our primary aim was to analyze menopausal symptoms, complication Original Research ajog.org rate, and perioperative data after hysterectomy with bilateral salpingectomy compared with hysterectomy only in a national register-based cohort study. A secondary aim was to assess changes over time in the uptake of opportunistic salpingectomy in the years 1998 through mid-2016 in Sweden.
Materials and Methods
A retrospective observational cohort study, based on the Swedish National Quality Register of Gynecological Surgery (GynOp) 27 was conducted. Data were analyzed on the GynOp server with no access to personal identification of the subjects. Ethical approval was obtained from the regional ethical review board, University of Gothenburg, Sweden, Oct. 24, 2016 [Dnr T945-16 (501-16)].
Women age <55 years who had a hysterectomy for benign reasons with or without bilateral salpingectomy 1998 through mid-2016 in Sweden and had their surgery registered in GynOp were included. The register started in 1997 and has gradually increased the number of reporting clinics. At the end of the study period about 75% of gynecological clinics performing surgery in Sweden reported to the register and approximately 90% of hysterectomies performed in these clinics were included.
28,29
The register collects data directly from the patients through validated questionnaires preoperatively, and at 8 weeks and 1 year postoperatively. All questionnaires are assessed by the physician responsible for the surgery. 30 The gynecologist registers medical information in GynOp upon decision to perform surgery, at surgery, at discharge from hospital, and when assessing the postoperative questionnaires from the patients. 30e32 Reports of complications are registered at discharge and at 8 weeks and 1 year postoperatively. The complications are graded as minor or severe and subdivided into type and/or location, ie, damage to the ureter, lower urinary tract, vagina, intestines, abdominal wall, nerve damage, fistula formation, and pain. 31 Menopausal symptoms are registered by the patients in questionnaires preoperatively and at 1 year postoperatively. Preoperatively, the question reads, "Do you have, or have you had, menopausal symptoms (flushes, sweats, palpitations)?"; whereas the postoperative question reads, "Do you have menopausal symptoms (flushes, sweats, palpitations)?" Women also answered the question "Do you use hormonal supplements with estrogen?" both preoperatively and postoperatively, where only the answer "Yes-for menopausal symptoms" was considered as treatment for menopausal symptoms in the analysis. Other options were "Yes-for vaginal problems," "Yes-for urinary tract problems," and "Yes-other reason." 27 We analyzed data on outcomes up to 1 year postoperatively. The outcomes duration of surgery, perioperative bleeding, administered units of blood, length of hospital stay, days out of work, and days to normal activities of daily living (ADL) were registered during hospital stay and/or at 8 weeks postoperatively. Outcomes collected at the 1-year follow-up were menopausal symptoms and complications.
Based on the trend with increasing rates of bilateral salpingectomy at benign hysterectomy in Sweden from 2013 (Figure 1 ), the years 2013 through mid-2016 were selected for the analyses regarding outcomes up to 8 weeks after surgery. To have near complete data from the 1-year follow-up regarding complications and menopausal symptoms, the cohort having surgery in 2013 through March 2015 was analyzed. It was not possible to assess the prevalence of benign pathologies in the fallopian tubes, ie, hydrosalpinx, due to the design of the register.
Exclusion criteria were simultaneous surgery on the ovaries, perioperative findings suggesting malignancy, or anatomical pathology with malignant/ premalignant findings.
For comparison between 2 groups Student t test or Mann-Whitney U test were used for continuous variables; for categorical variables c 2 test or Fisher exact test where applicable were used to assess proportions. All statistical tests were 2-sided and a P value <.05 was considered to indicate statistical significance. Possible confounding was adjusted for in multivariable regression models. Relative risk for binary outcomes were calculated with Poisson regression models and continuous outcomes using linear regression. The choice of possible confounders was guided through directed acyclic graphs, clinical relevance, and the change-inestimate criterion (>10%).
An age-stratified analysis (<40, 40e44, 45e49, 50e54 years) regarding the outcome "menopausal symptoms" was performed and the regression AJOG at a Glance Why was this study conducted? We conducted this study as a response to the increasing frequency of opportunistic salpingectomy at the time of hysterectomy in many parts of the world, despite a lack of evidence that it can be done without harm.
Key findings
In a national register-based analysis of women subjected to hysterectomy with bilateral salpingectomy compared with hysterectomy only, an association with increased risk of menopausal symptoms 1 year after opportunistic salpingectomy was found.
What does this add to what is known?
The possibility that salpingectomy might affect ovarian function is a key consideration in the decision to perform opportunistic salpingectomy. No prior study focuses on menopausal symptoms as a consequence of opportunistic salpingectomy; as such, this is an important addition to the discussion.
Original Research GYNECOLOGY ajog.org analysis included the same variables as in non-age-stratified analysis except for age. Interaction between age and performed surgery (hysterectomy vs hysterectomy with bilateral salpingectomy) was tested in regard to the risk of developing menopausal symptoms.
Software (SPSS, Version 24.0; IBM Corp, Armonk, NY) was used for the statistical analysis.
Results
After the inclusion and exclusion process, 23 In 2013 through mid-2016, 50.1% of hysterectomies were carried out by the abdominal approach, 21.1% laparoscopically, and the remaining 28.8% vaginally. We found an increase in the proportion of bilateral salpingectomy in all surgical approaches, with the largest proportion in laparoscopic surgery (laparoscopic 63%; abdominal 36%; vaginal 4.4%) (Figure 3 ). Only 42 vaginal hysterectomies with bilateral salpingectomy were registered in GynOp during this time period. Thus, only surgeries by laparoscopic and abdominal approach were included for further analysis (n ¼ 4906).
The basic characteristics of women in the 2 groups are described in Table 1 Analyses of perioperative outcomes and complications up to 8 weeks are presented in Table 2 . In adjusted analyses we found a slightly longer hospital stay after bilateral salpingectomy in combination with hysterectomy (0.1 day; 95% confidence interval [CI], 0.02e0.18), which equals 2 hours and 24 minutes. There was also a small but significantly reduced blood loss associated with bilateral salpingectomy when adjusted for surgical approach, smoking, BMI, endometriosis, previous salpingitis, and ASA classification (e20 mL; 95% CI, e40 to e0.1). No significant differences in duration of surgery, administered units of blood, time to normal ADL, and days out of work were found. Furthermore, we found no difference in complications at discharge or after 8 weeks.
At the 1-year follow-up there was a significantly larger proportion of minor complications in the group subjected to bilateral salpingectomy (adjusted relative risk [aRR], 1.35; 95% CI, 1.01e1.83) if adjusted for surgical route, BMI, and smoking status. If previous salpingitis was added to the model, the results were no longer significant (aRR, 1.30; 95% CI, ajog.org GYNECOLOGY Original Research 0.93e1.83). There were no differences in reported severe complications overall (aRR, 1.08; 95% CI, 0.51e2.27) ( Table 3) .
Subdivided into type and degree of complication, only severe damage to the ureters was significantly increased after salpingectomy (relative risk [RR], 9.84; 95% CI, 1.91e50.6). All cases of ureter damage were seen in patients having total hysterectomy. The increased risk associated with bilateral salpingectomy in addition to hysterectomy prevailed including only women with total hysterectomy (RR, 3.27; 95% CI, 2.03e5.28) ( Table 4 ).
The assessment of menopausal symptoms in our study is based on questionnaires preoperatively and 1 year postoperatively. There was no significant difference in reported menopausal symptoms between the 2 groups before surgery, but 1 year postoperatively there was a significantly increased risk of menopausal symptoms after bilateral salpingectomy compared with hysterectomy only (RR, 1.29; 95% CI, 1.04e1.60 and aRR, 1.33; 95% CI, 1.04e1.69) ( Table 3 ). Both the age of the woman and the extent of surgery (hysterectomy with bilateral salpingectomy vs hysterectomy) were individually significant risk factors for developing menopausal symptoms, but there was no significant interaction between the 2 (P ¼ .91). There was no additional risk for developing menopausal symptoms with higher age at the time of surgery and being subjected to opportunistic salpingectomy. In agestratified adjusted analysis, women at the age of 44e49 years remained at significantly increased risk of menopausal symptoms 1 year after bilateral salpingectomy (aRR, 1.53; 95% CI, 1.06e2.20). In unadjusted analysis there was an increased risk even for women age <40 years (RR, 2.49; 95% CI, 1.03e6.0), but after adjusting for potential confounders it was no longer significant (aRR, 2.29; 95% CI, 0.80e6.48). However, the response rate to the menopause question in this age group was only 34%. This is in part due to changes in the register, with cessation to include the question regarding menopausal symptoms to women <40 years of age during the study period. The response rate in regard to menopausal symptoms postoperatively decreased with decreasing age in the women who had surgery 2013 through March 2015 and were included in the 1-year followup (65.2% in women age 50e54 years, 61.9% in women age 45e49 years, 57.6% in women age 40e44 years, and only 34.1% in women <40 years of age).
Comment
In this national retrospective registerbased clinical study, women going through hysterectomy with bilateral salpingectomy were at increased risk of reporting menopausal symptoms 1 year after surgery compared with women having hysterectomy only. Furthermore, there was a tendency toward higher risk of minor complications. The frequency of performing bilateral salpingectomy at the time of benign hysterectomy has increased in Sweden and indicates a general acceptance of the theory that opportunistic salpingectomy might prevent ovarian cancer, as well as the assumption that it can be done without harm.
A strength of our study is the large cohort and good coverage of the register, which has gradually increased the number of participating clinics to cover about 75% of clinics performing gynecological surgery in Sweden at the end of the study period. Thus, the results are likely to be applicable to a routine clinical setting in Sweden.
The patients reporting directly to the register, in combination with the physician's assessment, is a great strength in revealing the subjective symptoms in regard to menopause as well as a high detection rate of objective diagnoses. 30, 31 Furthermore, the follow-up rate is high with 83.5% responding at 8 weeks and 73.7% at 1 year.
A limitation is the retrospective design of the study with the inability to fully match the groups and adjust for all relevant factors. Therefore, residual as well as unmeasured confounding cannot be ruled out. The register changed strategy during the study period and stopped registering menopausal symptoms in women <40 years postoperatively, which makes it difficult to interpret the answers for the younger age groups.
There is increasing evidence that certain types of ovarian cancer originate in the fallopian tubes and opportunistic salpingectomy might be a feasible preventive measure, but there is still a lack of scientific support that this can be done in a safe manner without consequences for the woman. In our cohort there was a significantly higher risk of menopausal symptoms 1 year after being subjected to hysterectomy with bilateral salpingectomy in comparison with hysterectomy only. In the age-stratified analysis, the age group 45e49 years proved to be most at risk. It can be hypothesized that the ovaries in this premenopausal period are more vulnerable to damage from surgery in the surrounding tissue. It is also more likely that women in this age group present with menopausal symptoms within 1 year, in comparison to younger women, and we need a longer follow-up to assess the younger age groups. Mohamed et al suggested that a long-term decline in ovarian function could be secondary to chronic ischemia induced by salpingectomy, but evidence is insufficient. 33 Sezik et al 23 indicated a negative effect on ovarian blood supply 1 month after total salpingectomy compared with partial salpingectomy when performing hysterectomy in a small randomized trial. Chan et al 34 revealed reduced blood flow in the ipsilateral ovary after laparoscopic salpingectomy performed due to ectopic pregnancy, supporting the theory of affected vascularity after surgery in the periovarian tissue.
It has been increasingly popular to use AMH to describe ovarian reserve, due to a small intracycle variability and its ability to predict time to menopause. 35 AMH is validated for predicting age at natural menopause but loses accuracy in higher ages according to Depmann et al. 35 None of the studies focusing on AMH levels before and after opportunistic salpingectomy show any significant differences in comparison with hysterectomy only, 15,20,22e24,26 but the longest follow-up is only 6 months in a study by Van Lieshout et al. 26 The question is if AMH, particularly with a short follow-up, is the accurate measure when assessing the long-term effects of opportunistic salpingectomy. In a meta-analysis by Mohamed et al 33 focusing on AMH before and after bilateral salpingectomy, the authors comment on the short follow-up of existing studies and the small number of studies in the field, and suggest the results should be interpreted with caution. A normal AMH after surgery does not exclude the possibility of a more chronic ischemia with earlier development of menopause.
Our data revealed a tendency toward higher risk of minor complications up to 1 year after hysterectomy with bilateral salpingectomy. If we did not adjust for previous salpingitis, there was a significantly increased risk of minor complications 1 year after bilateral salpingectomy. Having a preexisting condition, ie, previous salpingitis, could be a reason to remove the fallopian tubes when performing a hysterectomy. Therefore, adding that variable to the adjusted model might obscure the effect of salpingectomy. Furthermore, the inclusion of previous salpingitis conferred a considerable loss of power due to a low response rate. Hence, it can be discussed which is the most accurate analysis and to retrieve reliable data we need studies in a randomized setting. Complete models for each outcome presented with baseline value for hysterectomy only in laparoscopic approach.
ADL, activities of daily living; ASA, American Society of Anesthesiologists physical status; BMI, body mass index; BSE, bilateral salpingectomy; CI, confidence interval. * In multivariable model for perioperative bleeding potential confounders previous abdominal surgery and age were tested but did not fit criteria to be included in final model; ** In multivariable model for blood transfusion potential confounders age, previous abdominal surgery, ASA classification, previous salpingitis, and smoking were tested but did not fit criteria to be included in final model; *** In multivariable model for hospital stay potential confounders age, previous salpingitis, and BMI were tested but did not fit criteria to be included in final model; **** In multivariable model for days to normal ADL potential confounders ASA classification, previous salpingitis, and duration of surgery were tested but did not fit criteria to be included in final model; ***** In multivariable model for days out of work potential confounder age was tested but did not fit criteria to be included in final model. 
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The data on complications for each patient are cumulative, which explains why only the 1-year report finds significant differences. Our search did not identify any prior studies investigating complications to salpingectomy in this manner, with patient-reported complications and physician's assessment as a routine follow-up to surgery. The procedure has been successfully utilized regarding complications to hysterectomy in a recently published study. 31 Studies reporting complications in a shorter time frame (0e6 months) have not shown any increased risk of complications. 7, 16, 17, 21, 22, 26 McAlpine et al 6 conducted a retrospective cohort study reporting readmission as an indicator of complications and did not reveal any difference between the 2 groups. However, the overall quality of evidence in regards to complications was rated as very low in a recent systematic review by Darelius et al. 13 The higher risk of ureter damage after salpingectomy found in this study has to be viewed with caution due to few cases, and the finding needs to be validated in future studies.
The results up to 8 weeks postsurgery showed a significant difference in hospital stay, with 0.1 day (2 hours and 24 minutes) extra after having had bilateral salpingectomy in addition to hysterectomy. Previous studies have not reported any difference in hospital stay 8, 17, 26 and our results are, although significant, of uncertain clinical relevance. Perioperative bleeding was slightly reduced in the salpingectomy group and a similar result can be found in a retrospective study by Garcia et al. 8 The difference in the amount of blood loss was only 20 mL ASA, American Society of Anesthesiologists; BMI, body mass index; BSE, bilateral salpingectomy; CI, confidence interval; RR, relative risk; aRR, adjusted relative risk.
* Percentage of outcome in hysterectomy with BSE vs hysterectomy only; ** Age-stratified multivariable analysis for menopausal symptoms, adjusted for BMI, parity, smoking, and ASA classification; *** In multivariable model for minor complications potential confounders age, endometriosis, total/subtotal hysterectomy, and previous abdominal surgery were tested but did not fit criteria to be included in final modelen ¼ cases included in model; **** In multivariable model for severe complications potential confounders smoking, previous abdominal surgery, endometriosis, previous salpingitis, and ASA classification were tested but did not fit criteria to be included in final modelen ¼ cases included in model. and, as expected, there was no difference in the need for blood transfusion. There were no differences in time in surgery, days to normal ADL, and days out of work, which corroborates the findings of several previous studies. 6e8,16e18,20,26 In summary, bilateral salpingectomy at the time of hysterectomy was associated with an increased risk of menopausal symptoms and there was a tendency toward a higher risk of minor complications 1 year after surgery in this retrospective study. Randomized controlled trials with longer follow-up regarding ovarian function, surgical complications, as well as risk reduction of ovarian cancer are needed to correctly inform women on the risks and benefits of opportunistic salpingectomy. n
